Objective: Estimation of the glomerular filtration rate (GFR) is essential for identification, evaluation and risk prediction in patients with kidney disease. Estimated GFR (eGFR) is also needed for the correct dosing of drugs eliminated by the kidneys and to identify high-risk individuals in whom coronary angiography or other procedures may lead to kidney failure. Both cystatin C and creatinine are used for the determination of GFR, and we aimed to investigate if eGFR by the two methods differ in cardiology patients. Methods: We compared cystatin C and creatinine (CKD-EPI) eGFR calculated from the same request from a cardiology outpatient unit (n = 2,716), a cardiology ward (n = 980), a coronary care unit (n = 1,464), and an advanced coronary care unit (n = 518) in an observational, cross-sectional study. Results: The median creatinine eGFR results are approximately 10 ml/min/1.73 m 2 higher than the median cystatin C eGFR that is up to 90 ml/min/1.73 m 2 , irrespective of the level of care. Creatinine eGFR resulted in a less advanced eGFR category in the majority of patients with a cystatin C eGFR <60 ml/min/1.73 m 2 . Conclusions: Our study demonstrates a difference between creatinine and cystatin C eGFR in cardiology patients. It is important to be aware of which marker is used for the reported eGFR to minimize erroneous interpretations of the test results, as this could lead to under-or overmedication. Further studies are needed to determine the best method of estimating the GFR in cardiology units. 
Introduction
Decreased renal function often accompanies congestive heart failure, and this interdependent relationship has become known as the cardiorenal syndrome [1] [2] [3] . Studies have documented a strong association between chronic kidney disease (CKD) and cardiovascular disease (CVD) morbidity and mortality [4, 5] . Cardiovascular mortality is 10-20 times more frequent in renal failure patients [6] , and over 40% of the deaths in patients with end-stage renal disease are due to CVD [7] . A meta-analysis showed that patients with end-stage renal disease are more likely to die from CVD [8] . Even a mildly to moderately decreased renal function leads to a significantly increased CVD morbidity and mortality [9] [10] [11] [12] [13] .
Estimated glomerular filtration rate (eGFR) is used for the diagnosis, staging, and prognosis of kidney disease, but is also an important part of drug dosing and risk stratification for clinical procedures and future outcomes. Assessment of kidney damage and dysfunction is thus an integral component of clinical medicine, endorsed by international guidelines [14, 15] . eGFR is usually calculated from plasma creatinine values using Modification of Diet in Renal Disease [16] or CKD-EPI [17] equations. Cystatin C has been shown to be a valuable eGFR marker, and cystatin C has also been reported to be a better marker than creatinine for mortality predictions [18] .
A problem with both cystatin C and creatinine equations is that they are developed based on the measurement of GFR using exogenous markers in patients with known or suspected kidney disorders. An equation based on one patient population does not necessarily have to be accurate in other populations [19] . Considering the role of creatinine and cystatin C as GFR markers, the aim was to compare eGFR based on the two markers in different patient populations with the common feature of cardiac disease. We thus compared the creatinine-based eGFR utilizing the CKD-EPI equation with the cystatin C-based eGFR using the new CAPA (Caucasian, Asian, pediatric, adult) equation in patient populations treated at an outpatient cardiology clinic, a general cardiology ward, a cardiology care unit (CCU), and an acute coronary care unit (ACCU). Only samples with simultaneous requests for both creatinine and cystatin C were included in the study. The eGFR equations were originally constructed using patients younger than many of those seeking health care. We thus also wanted to study possible differences between creatinine and cystatin C eGFR in relation to patient age in different groups of cardiology patients.
Methods

Study Population
The comparison was performed with consecutive routine requests for creatinine and cystatin C at the Department of Clinical Chemistry, Uppsala University Hospital, Uppsala, Sweden, between 2011 and 2012. Only samples with requests for both analytes were extracted from the database, and only the first result for each patient was included in the study. The comparisons were limited to samples from a general cardiology outpatient unit, a general cardiology ward with mainly arrhythmia and heart failure patients, a CCU (predominantly patients with acute coronary syndromes), and an ACCU with mainly patients requiring postoperative and intensive care.
Creatinine and Cystatin C Assays
Plasma creatinine was measured by an enzymatic method on an Architect Ci8200 analyzer (Abbott Laboratories, Abbott Park, Ill., USA) and reported using SI units (μmol/l). The method is Isotope Dilution Mass Spectrometry (IDMS) calibrated in collaboration with the Swedish external quality assurance organization (Equalis, Uppsala, Sweden). The total analytical imprecision of the creatinine method was 0.7% at 75 μmol/l and 0.9% at 346 μmol/l. eGFR CKD-EPI was calculated from creatinine using the CKD-EPI formula [17] .
Serum cystatin C measurements were performed on an Architect Ci8200 with reagents from Gentian (Moss, Norway). The total analytical imprecision of the cystatin C method was 1.7% at 0.77 mg/l and 1.1% at 1.25 mg/l. The cystatin C method used was calibrated according to the new certified reference material ERM-DA471/IFCC [20] .
The CAPA equation was used for calculating cystatin C eGFR: eGFR CystC = 130 × cystatin C -1.069 × age -0.117 -7 [21] .
Statistical Calculations
Descriptive statistics, linear regression analysis, and figures were made utilizing Excel 2000 (Microsoft Corporation, Seattle, Wash., USA). The GFR partitioning was based on the cystatin C eGFR. Samples with cystatin C eGFR values >150 ml/min/1.73 m 2 were excluded from the statistical analysis.
Results
The creatinine and cystatin C samples from the cardiology outpatient unit [n = 2,716; 905 females and 1,807 males; median age 67 years (range 18- The patients are divided into the eGFR groups according to cystatin C eGFR.
than eGFR CystC , which were up to 90 ml/min/1.73 m 2 , with small differences in the median eGFR over 90 ml/min/1.73 m 2 . Age variation had limited effects on the difference between eGFR CKD-EPI and eGFR CystC in the different subgroups ( fig. 1-4 ) .
Comparison of CKD Staging Based on eGFR CKD-EPI and eGFR CystC
In the patient groups with aneGFR CystC <30 ml/min/1.73 m 2 , 69.5% (cardiology outpatient unit), 63.7% (cardiology ward), 50.0% (CCU), and 36.3% (ACCU) of the patients were reclassified to a less advanced GFR category when using eGFR CKD-EPI ( table 2 ) . Out of the patients with an eGFR CystC of 30-44 ml/min/1.73 m 2 , 71.3% were reclassified to a less advanced eGFR category, and 1.5% were reclassified to a lower group by eGFR CKD-EPI in the outpatient unit. The corresponding figures for the cardiology ward were 78.9 and 1.8%, for the CCU 62.1 and 1.8%, and for the ACCU 48.4 and 7.1%. The percentages of reclassified patients with eGFR CystC 45-59 ml/min/1.73 m 2 were 70.1 and 3.5% in the outpatient unit, 75.3 and 1.9% in the cardiac ward, 66.2 and 5.9% in the CCU, and 60.0 and 9.3% in the ACCU.
Discussion
CKD is a growing global health problem. The incidence of CKD is expected to continue to rise in the future, partly due to an increased number of patients with diabetic nephropathy as a consequence of increased age and obesity [22] . Improvements in the detection and risk stratification of CKD patients are crucial, and we expect the classification of CKD by eGFR to remain important. It is seldom possible to measure GFR in real-life patient settings with an exogenous GFR marker. Thus, we will continue to rely on inexpensive endogenous GFR markers such as creatinine and cystatin C. We usually classify patients according to eGFR and do not distinguish between the molecules used for the measurements. Basically, we assume all GFR markers to give the same results, and this would be highly desirable. However, as the eGFR equations are calibrated against measured GFR, they are highly influenced by the population that they are derived from. When we use the same equations in other patient groups with other features, consequently the results may differ. Ethnical differences in creatinine eGFR are often addressed, and there are several ethnicity-specific equations or factors [16, 17, 23, 24] . In contrast, there is limited discussion on the differences between patient groups within a hospital. Considering the importance of eGFR, we compared cystatin C and creatinine eGFR in different groups of cardiology patients. We used cystatin C eGFR to divide the patients into different GFR strata in accordance with the CKD classification [25] . There are no GFR measurements with iohexol, iothalamate or chromium-51-EDTA in this study, so we do not have the true GFR for the patients. Nevertheless, our study demonstrates a clear difference between creatinine and cystatin C eGFR in cardiology patients. The difference between the two measurements is fairly consistent in patients treated at the different cardiology units. The median creatinine eGFR results were approximately 10 ml/min/1.73 m 2 higher than the median cystatin C eGFR, which was up to 90 ml/min/1.73 m 2 . This bias is not negligible. If we use important clinical decision limits such as 15, 30, 45, and 60 ml/min/1.73 m 2 , a large number of patients will be reclassified depending on which GFR marker is used. This finding is important and needs to be stressed, as treatment strategies cannot be accepted to be dependent on the marker used for defining the eGFR of the individual patient. We thus recommend that different decision limits for the cystatin C-and creatinine-based eGFR for CVD risk estimation should be considered. The different cardiology units showed similar differences, indicating that the same decision limits could be used in the different units.
Limitations
Our results are based on a large, single-center, tertiary care hospital, and hence they may not be reproducible in other regions and countries due to biochemical or analytical differences. The new CAPA equation is based on methods calibrated with the recently developed ERM-DA471/IFCC reference material. CAPA is an assay-independent cystatin C-based estimating equation for GFR using 7 different cystatin C assays. This equation is validated in a North European/Asian community setting and may not be applicable in other regions.
The patients admitted to a cardiology outpatient clinic or cardiology ward may not always end up with a cardiology diagnosis. We did not scrutinize patient diagnoses, but rather decided to include all patients with a cardiology affiliation who had dually requested creatinine and cystatin C measurements. The number of the patients classified in GFR strata by cystatin C and the CKD-EPI classification of the same patients.
eGFR values are ml/min/1.73 m 2 . Creatinine and cystatin C may differ in regard to the time of sampling. Cystatin C reacts 1-2 days earlier to acute renal failure, a condition that may occur in hospitalized patients. Thus, the difference observed in this study could partly be due to the early response of cystatin C to acute renal failure [26] .
Conclusion
Our study demonstrates a difference between creatinine and cystatin C eGFR in cardiology patients. It is important to be aware of which marker is used for the reported eGFR to minimize erroneous interpretations of test results, as this could lead to under-or overmedication. Further studies are needed to determine the best method of estimating GFR in cardiology units.
